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ABSTRACT 



A wave front sensor having a focusing optical system 
(1), a perforated diaphragm (2) with a plurality of perfo- 
rations (21) situated simultaneously in the beam path (3), 
in an encoded arrangement, in particular according to 
and a cyclic Hadamard code, a device (22) for advanc- 
ing the perforated diaphragm (2), so that a multiplicity 
of different encoded arrangements of perforations (21) 
are situated successively in the beam path (3). The en- 
tire cross section of the beam path (3) is repeatedly 
scanned overall with different encoded arrangements of 
perforations (21), a space-resolving light detector (41) 
which is disposed close to the focal plane (4) of the 
optical system (1), in particular a lateral detector with a 
spatial resolution in the nm range, which determines in 
each instance the position and intensity of the light spot 
(33) which results from the superposition of the plural- 
ity of beams (32) generated by the perforations (21), and 
a storage and computing unit (5), which reconverts the 
position and intensity values determined by the light 
detector (41), using the code of the arrangement of the 
perforations (21), into the phase and amplitude of the 
wave front. 

15 Claims, 4 Drawing Sheets 
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1 2 

as a simple converging lens, a perforated diaphragm 2 

WAVE FRONT SENSOR which exhibits in the parallel beam path 3 correspond- 

ing to the wave front 31 a plurality of perforations 21 

The invention relates to a wave front sensor. which are disposed in an encoded configuration and, in 

Known wave front sensors operate by interferometry 5 the focal plane 4 (spacing f from the principal plane of 
or holography. These are sensitive to environmental the lens) a high spatial resolution light detector 41. 
influences, such as temperature changes. The beams 32 passing through the perforations 21 

The testing of objectives by the Hartmann test, have their real focus dependent upon disturbance of the 
known, for example, from German patent document wave front 31 at locations which deviate from the ideal 
DE 3418,293 Al, scans the objective aperture with one 10 focus. However, they are superposed on the detector 41 
or more beams which are masked out by a movable to form a light spot 33. The detector 41 is chosen to be 
perforated diaphragm with one or more perforations of such a size that the entire light spot which is formed 
and employs a space-sensitive detector. In particular a when the perforated diaphragm 2 is removed can be 
photographic Mm is disposed in front of, or behind, the detected in its entirety. This gives a multiplex effect and 
focal plane. In the case of a plurality of perforations as 15 the noise suppression associated therewith. A suitable 
m German patent document (DE 3,318,293 Al), the detector 41 is a lateral detector of the SITEK 2L4 type, 
detector is disposed and designed so that signals associ- with a 4x4 mm 1 detector surface area and a spatial 
ated with the individual perforations are recorded sepa- resolution for the point of concentration of the intensity 
rately. of the light spot 33 in the nanometer range. 

In D. Malacara, Optical Shop Testing, Chapter 10 1, 20 The perforated diaphragm 2 is connected to an ad- 
"Ghozeil, Hartmann and Other Screen Tests," pp. 323 vancing device 22, which successively brings differ- 
et seq., Wiley New York 1978, the Hartmann Test is ently encoded arrangements of perforations 21 into the 
described in terms of variants. The analytical theory is beam path 3. 

also described. This is repeated until overall the entire cross section 

Optical multiplex processes using code matrices ao 25 of the beam path 3 has been scanned with all raster 
cording to Hadainard are described in M. Hewitt and N. points repeatedly in combination with various other 
J. A. Sloane, Hadamard Transform Optics, Academic raster points. 

Press, New York, 1979, for spectrometers and image The light detector 41 and the advancing device 22 are 
analysis systems. Using these processes, it is possible to connected to a storage and computing unit 5, which 
achieve substantial noise suppression. 30 reconverts the position and intensity values determined 

The object of the invention is to provide an efficient by the light detector 41, using the code of the arrange- 
and robust low-noise wave front sensor by which the ment of the perforations 21, into the phase and ampli- 
amplitude and phase of the wave front can be deter- tude of the wave front. 

mined. It is then also possible to determine from this the A cyclic Hadamard code is, in particular, suitable as 
remote radiation field of the wave. 35 the code. 

This is achieved by a wave front sensor having a The reconversion may take place so that, using for 
focusing optical system, a diaphragm with a plurality of example algorithms known from M. Hewitt, N. J. A. 
perforations, situated simultaneously in the beam path in Sloane, loc. cit., a "demultiplex" step is performed. This 
an encoded arrangement, a device for advancing the determines for each raster element of the perforated 
perforated diaphragm, so that a multiplicity of different 40 diaphragm the light spot generated individually in each 
encoded arrangements of perforations are situated in instance, on the basis of position and intensity. On this 
succession in the beam path and the entire cross section basis, the theory known from D. Malacara, I. Ghozeil, 
of the beam path is repeated scanned overall with differ- loc. cit can then be employed to determine the distribu- 
ent encoded arrangements of perforations, a space- tion of phases and amplitude over the wave front, 
resolving light detector, which is disposed close to the 45 A variant is shown in FIG. 2. To measure wave 
focal plane of the optical system and which determines fronts 31 of large diameter, e.g. 100 mm, the focusing 
in each instance the position and intensity of the light optical system 1 includes a telecentric optical system 12, 
spot which results from the superposition of the plural- which converts the beam path 3 into a parallel beam of 
ity of beams generated by the perforations, so that a reduced cross section 34, in which the perforated dia- 
multiplex effect arises, and a storage and computing 50 phragm 2 is disposed in front of a converging lens 11. 
unit, which reconverts the position and intensity values The perforated diaphragm 2 is disposed on a disk 20 
determined by the light detector using the code of the which is rotated by a stepping motor 221. The reduced 
arrangement of the perforations, into the phase and cross section 34 may have, for example, a diameter of 8 
amplitude of the wave front mm, which is scanned with an 8 X 8 raster with perfora- 

The invention is explained with the aid of the draw- 55 tions 21 having a diameter of 0.8 mm using a raster 
mgs, in which: dimension of 1 mm. 

FIG. 1 diagrammatically shows the overall construe- To determine relative deformations of the wave front 
tion of a wave front sensor. 31, the position of the sensor 41 and the stability of the 

FIG. 2 shows a variant with a telecentric optical perforated diaphragm do not need to be known in par- 
system, and a rotating disk as the carrier of the perfo- 60 ticular detail, as they are averaged out. Accordingly, 
rated diaphragm. the rotating disk can be suspended in relation to the 

FIGS. 3j and 3* show a disk with a perforated dia- optical system with oscillation damping, so that the 
phragm according to a cyclic Hadamard code with a spatial resolution of the light detector 41 is not impaired 
radial arrangement of perforations. by oscillations of the disk drive 22, 221. The apparatus 

FIG. 4 shows a disk with perforated diaphragms 65 is also to a large extent insensitive to temperature and 
which form orthogonally encoded regions. pressure fluctuations. 

The wave front sensor shown in FIG. 1 includes a FIG. 3a) shows a detailed: section of a disk 20 accord- 
highly corrected focusing optical system 1, represented ing to FIG. 3b) with a perforated diaphragm 2 accord- 
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ing to a cyclic Hadamard code, with a radial arrange- 
ment of the perforations 21 in eight code lines and with 
an eight step period 202 of the code columns in a radial 
arrangement A stepping motor 221 drives the disk 20 
and has the same stepping angle of 1.44* as the perfo- 5 
rated diaphragm 2. 

For measurement purposes, advance of the dia- 
phragm takes place in each instance by such an angular 
step. 

FIG. 4 shows an alternative disk 20, the perforated 10 
diaphragms 2 of which form regions 203 which are 
orthogonally encoded with perforations 21 and which 
displaced tangentially and are rotated successively into 
the beam path 3. In this case, it is possible to achieve a 
symmetrical distribution of the scanning points over the 15 
wave front 31. 

Using a wave front sensor as described, it is possible 
to measure with accuracy wave fronts 31 of diameters 
up to approximately 100 mm, using light power of a few 
milliwatts to a few percent of the wavelength and a 20 
measurement time of a few seconds. 

The unavoidable disturbance of the wave by the opti- 
cal system 1 may be corrected by calibration of this 
effect. A "process and apparatus for testing optical 
systems or components" according to the simulta- 25 
neously filed German application P-4003-699.5 filed 
Feb. 07, 1990 of the same applicant is suitable for this 
purpose. 

The perforated diaphragm 2 can also be disposed in 
the convergent beam path, e.g. between lens 11 and 30 
detector 41. 

It is possible to dispense with mechanically moved 
parts entirely, if the perforated diaphragm 2 is designed 
as an electrooptical shutter matrix, e.g. using LCD 
technology. 35 

Modifications of the invention are possible, inter alia, 
by the most widely differing combinations of the fea- 
tures of the individual claims. 

We claim: 

1. A wave front sensor comprising: 40 

a focusing optical' system (1), 

a diaphragm (2) with a plurality of perforations (21), 
situated simultaneously in a beam path (3), the 
perforations positioned in an encoded arrangement, 

a device (22) for advancing the perforated diaphragm 45 
(2), so that a multiplicity of different encoded ar- 
rangements of perforations (21) are situated succes- 
sively in the beam path (3) and the entire cross 
section of the beam path (3) is scanned overall 
repeatedly with different encoded arrangements of 50 
perforations (21), 

a space-resolving light detector (41), which is dis- 
posed close to the focal plane (4) of the optical 
system (1) and which determines in each instance a 
position and intensity of a light spot (33) which 55 
results from a superposition of the plurality of 
beams (32) generated by the perforations (21), and 

a storage and computing unit (5), which reconverts 
the position and intensity values determined by the 
light detector (41), using the code of the arrange- 60 



4 

ment of the perforations (21), into a phase and 
amplitude of a wave front. 

2. A wave front sensor according to claim 1, charac- 
terized in that the code of the perforated diaphragm (2) 
is a Hadamard code. 

3. A wave front sensor according to claim 2, charac- 
terized in that the code of the perforated diaphragm (2) 
is a cyclic Hadamard code. 

4. A wave front sensor according to claim 3, charac- 
terized in that the perforations (21) are disposed so as to 
be radially encoded and the rotary drive takes place by 
a stepping motor (21). 

5. A wave front sensor according to claim 2, charac- 
terized in that the perforations (21) are disposed in or- 
thogonally encoded regions (203), which have the 
cross-section of the beam path (3) at the perforated 
diaphragm (2), a plurality of such regions (203) is dis- 
posed tangentially on the disk (20), and the regions (203) 
are pivoted successively into the beam path (3). 

6. A wave front sensor according to claim 1, charac- 
terized in that the perforated diaphragm (2) is attached 
to a disk (20) and is advanced by rotation of the disk 
(20). 

7. A wave front sensor according to claim 6, charac- 
terized in that the perforations (21) are disposed to be 
radially encoded and the rotary drive takes place by a 
stepping motor (21). 

8. A wave front sensor according to claim 6, charac- 
terized in that the perforations (21) are disposed in or- 
thogonally encoded regions (203), which have the sur- 
face area of the beam path (3) at the perforated dia- 
phragm (2), a plurality of such; regions (203) being dis- 
posed tangentially on the disk (20), and the regions (203) 
are pivoted successively into the beam path (3). 

9. A wave front sensor according to claim 1, charac- 
terized in that the light detector (11) is disposed as pre- 
cisely as possible in the focal plane (4). 

10. A wave front sensor according to claim 1, charac- 
terized in that the light detector (41) is a lateral detector 
with a spatial resolution in the nanometer range. 

11. A wave front sensor according to claim 1, charac- 
terized in that the perforated diaphragm (2) is disposed 
in a parallel beam path. 

12. A wave front sensor according to claim 1, charac- 
terized in that the perforated diaphragm (2) is disposed 
in a convergent beam path. 

13. A wave front sensor according to claim 1, charac- 
terized in that the perforated diaphragm (2) is fitted in 
front of the focusing optical system (1). 

14. A wave front sensor according to claim 1, charac- 
terized in that the focusing optical system (1) includes a 
tclecentric optical system (12) which reduces the cross 
section of the wave front, and the perforated diaphragm 
(2) is disposed within the focusing optical system (1) in 
a parallel beam path of reduced cross section (34). 

15. A wave front sensor according to claim 1, charac- 
terized in that the perforated diaphragm (2) is designed 
as an electrooptical shutter matrix and is advanced by 
electronic drive control. 
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